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ABSTRACT 
To  examine  possible  changes  in  cell  surface  carbohydrates,  fluorescent  lectins 
were applied at various times during differentiation of neural crest cells in vitro. 
The pattern  and intensity of binding of several lectins changed as the crest cells 
developed  into  melanocytes  and  adrenergic  cells.  Considerable  amounts  of 
concanavalin  A  (Con  A)  and  wheat  germ  agglutinin  (WGA)  bound  to  all 
unpigmented cells throughout the culture period.  Melanocytes, however, bound 
much less of these lectins. Soy bean agglutinin (SBA), unlike Con A  and WGA, 
only bound later  in  development to unpigmented cells at about the  time  when 
catecholamines were detected histochemically. Binding of SBA could be induced 
in  younger cultures  by pretreating  the  cells  with  neuraminidase.  Melanocytes, 
however, did not bind detectable amounts of SBA even if treated with neuramin- 
idase. The SBA-binding sites were often concentrated on cytoplasmic extensions 
and  on contact points  between  neighboring cells,  even  when  receptor mobility 
was restricted by prefixation of the cells or adsorption of lectin at 0~  All three 
lectins  bound  to  cell  processes  resembling  nerve  fibers  in  particularly  high 
amounts. 
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The  neural  crest  of the  vertebrate  embryo lies 
along  the  dorsal  ridge  of the  neural  tube.  Soon 
after fusion of the neural  folds, crest cells start to 
migrate  through  the  embryo,  locate  at  various 
distances,  and give rise to such divergent  tissues 
and  cell types  as  sympathetic  ganglia,  adrenal 
medulla, pigment cells, spinal ganglia, and visceral 
cartilage  (23,  24).  Whether the neural  crest cells 
are  already  determined  before  they  leave  the 
neural  tube is not yet known, nor are the mecha- 
nisms understood which guide the cells along their 
paths  (23, 24).  Direct  contacts  with neighboring 
cells, substrates,  and soluble  factors  are thought 
to play an important  role in regulating differentia- 
tion  and  migration.  Complex  carbohydrates at- 
tract  particular  attention  as  a  probable  site for 
recognition processes involved in the above events 
(14). 
Over the past few years several observations  of 
developmentally  regulated  cell  surface  changes 
have been reported. For instance, the composition 
of the  membrane  protein  of maturing  erythroid 
cells  from  chick  embryos  changes  qualitatively 
and  quantitatively  (1).  In  adult  rats  there  is  a 
progressive  increase  in  Con A-binding and a de- 
crease  in  colloidal  iron-binding  after  successive 
divisions  of erythroblasts.  Upon  maturation  of 
the  orthochromatic erythroblast  to  reticulocyte, 
Con A-binding  decreases  and colloidal iron-bind- 
ing increases (18).  Before gastrulation,  hybrid sea 
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maternal genotype. Beginning at gastrulation, hy- 
brid cells recognize and adhere to embryonic cells 
of both parental genotypes, a phenomenon appar- 
ently acocmpanied by the expression  of new ad- 
hesive determinants on the cell surface  (11).  Fu- 
cosyltransferase activity located on the cell surface 
is  very  high  in  chick  primitive  streak  cells.  In 
stage-10 embryos, considerable activity is located 
at  the  neural  tube,  cranial  crest  cells,  and  skin 
ectoderm.  No significant fucosyltransferase activ- 
ity, however, was found in stage-17 embryos (16). 
In addition, temporal and spatial changes in extra- 
cellular  materials are found  in  avian and murine 
embryos and are thought to affect migration and 
localization of neural crest cells (4, 24). 
In  this  communication  we  describe  studies  of 
the  relationship  between  morphogenesis  and 
changes  in  cell  surface  carbohydrates  of  avian 
neural crest cells grown in vitro.  As a  probe for 
cell  surface  carbohydrates,  fluorescein-tagged 
plant lectins were used that recognize and specifi- 
cally  bind mono-  or oligo-saccharides.  We  show 
that morphologically undifferentiated neural crest 
cells are homogeneous with respect to lectin bind- 
ing  but  that  binding  changes  markedly  during 
differentiation  into  melanocytes  and  adrenergic 
cells. 
MATERIALS  AND  METHODS 
Cells 
Neural  crest  cells  from  Japanese  quail  (Coturnix 
coturnix japonica) were  cultured  in vitro as described 
previously  (3).  In  brief,  isolated  neural  tubes  of  the 
trunk region were p!aced in collagen-coated plastic Petri 
dishes containing culture medium (Eagle's Minimal Es- 
sential medium, horse serum, embryo extract, penicillin, 
streptomycin but  no  fungizone  [3]).  After  2-3  h  the 
neural crest cells started to migrate and after 18 h the 
neural tubes were removed. 
Adsorption o  f  Lectins 
The following fluorescein-labeled iectins (containing 
no  free  fluorescein  isothiocyanate  [FITC])  were  pur- 
chased from Miles Laboratories (Elkhart, Ind.) and used 
without further purification: Con  A  (specific for  ot-o- 
mannose and glucose residues [15]), WGA (specific for 
N-acetyl-o-glucosamine residues  [12]),  and  SBA  (spe- 
cific for N-acetyi-t>-galactosamine and galaetose residues 
[8]). The ratio OD~ao/OD~ was 0.7 for WGA, 1.64 for 
Con  A,  and  1.1  for  SBA. The  cultures were  washed 
twice in situ with phosphate-buffered saline (PBS; pH 
7.4).  The lectins were  added to the cells at a  concen- 
tration of 50 /~g/ml in PBS and the cultures were incu- 
bated on a  heating plate at 37~  or on ice for 20 min. 
Then the cultures were washed twice with PBS (chilled 
PBS, when adsorption was carried out at 0~  and fixed 
with 2% glutaraldehyde in PBS (Ladd Research Indus- 
tries,  Inc.,  Burlington,  Vt.)  for  20  min  at  4~  and 
washed again in PBS. They were then mounted with a 
few drops of 50% glycerol in PBS and a cover slip and 
were  examined for fluorescence.  When  cultures were 
prefixed as controls, they were washed twice with PBS 
and subsequently incubated in a  1% solution of para- 
formaldehyde in PBS (Fisher Scientific Co., Fair Lawn, 
N. J.) for 20 rain at 0~  before adsorption of the lectins. 
In  some  experiments  fluorescein-labeled  goat  anti- 
guinea  pig y-globulin  (Antibodies Inc.,  Davis,  Calif., 
kindly provided by Dr. R. Grzanna of this department) 
was used instead of lectins at a concentration of 50 pg/ml 
in PBS and incubated with cells for 20 rain at 37~ 
The  specificity  of  observed  lectin  adsorption  was 
tested in two ways:  (a) Lectins were preincubated with 
their hapten inhibitors in order  to  prevent binding to 
cells.  (b)  Bound  lectins  were  dissociated  from  their 
receptor sites on the cells using their appropriate hap- 
tenic sugars. The sugars used were N-acetyl-D-glucosa- 
mine (Sigma Chemical Co., St. Louis, Mo.) for WGA, 
N-acetyl-v-galactosamine  (Sigma  Chemical  Co.)  for 
SBA, and a-methyI-D-mannoside (Sigma Chemical Co.) 
for Con  A.  For a  preincubation, 50  /~g of lectin was 
incubated in 1 ml of a 0.1-M solution of the respective 
carbohydrate  for  20  rain  at  room  temperature.  The 
mixture was then added to the culture, incubated for 20 
rain at 37*(2, washed, and fixed as described above. To 
examine dissociation by haptenic sugars, the lectins were 
adsorbed to cells at 37  ~ or at 0~  as described above. 1 
ml of 0.1-M  solution of the hapten was added to  the 
culture, which then was incubated for an additional 20 
min at either 37  ~  or 0~  then rinsed and fixed. 
Histochemistry 
To assay surface carbohydrates and the presence of 
catecholamines in the same cells, a  modification of the 
glyoxilic  acid fixation method of Lor6n et al.  (10) was 
used. After the adsorption of the lectins, the cells were 
treated with 2%  paraformaidehyde and  2.5%  sodium 
glyoxylate  in  0.1  M  phosphate buffer (pH  7.5)  for  5 
min at 0~  The cultures were dried in a flow of warm 
air, covered immediately with mineral oil and a  cover 
slip,  and  examined for leetin-fluorescein fluorescence. 
After this, the cover slip was removed and the mineral 
oil was washed off the dish with absolute alcohol. The 
cells were air-dried again and then exposed to formalde- 
hyde vapors at  80*(2 for  1  h  to  induce catecholamine 
fluorescence. 
Fluorescence Microscopy 
Fluorescence was examined in a  Zeiss Universal mi- 
croscope (Carl Zeiss, Oberkochen, Wuerttenberg, West 
Germany) with reflected illumination.  For fluorescein 
fluorescence an excitation filter FITC 490, barrier filter 
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lamp  (Osram,  GmbH,  Berlin,  West  Germany)  were 
used. For catecholamine fluorescence an excitation filter 
S  400  (Leitz,  Wetzlar,  West  Germany),  barrier  filter 
470, dichroic mirror 450 and an HBO 200 mercury lamp 
were  used.  Fluorescence  was  recorded  on  Tri-X film 
(Eastman Kodak Co., Rochester, N. Y.) at an exposure 
time of 30  s  for fluoresccin fluorescence and  4  s  for 
catecholamine fluorescence; phase contrast was photo- 
graphed on Panatomic-X film (Eastman Kodak Co.). 
Enzyme Treatment of Cells 
Washed cultures were incubated before lectin adsorp- 
tion with 25 U/ml of neuraminidase from Vibrio cholerae 
(500 U/ml; SchwarzlMann, Orangeburg, N. Y.) in PBS 
for 15 min at 37~  Cells were pretreated with hyaluron- 
idase from beef testes (300 USP U/rag, ICN Nutritional 
Biochemicals Div., International  Chemical &  Nuclear 
Corp., Cleveland, Ohio) at a concentration of 100/~g/ 
ml in PBS for 30 rain  at  37~  Trypsinization of cells 
was accomplished at a concentration of 50/~g of crystal- 
line  trypsin  per  ml  of  PBS  (three  times  crystallized 
trypsin from bovine pancreas, Worthington Biochemical 
Corp.,  Freehold,  N.  J.)  at  room  temperature.  The 
neuraminidase  preparation  used  for these  studies  was 
free of measurable amounts of proteolytic contaminants, 
whereas  100  ~g of hyaluronidase  hydrolyzed  Azocoll 
(Calbiochem, San  Diego, Calif.) at the same rate as 8 
ng of trypsin. 
Test for Viability of Cells 
The viability  of cells was  tested both  by uptake  of 
trypan blue and by staining  with acridine orange. In the 
latter method living cells are identified with green nuclei 
and dead cells with red nuclei in the fluorescence micro- 
scope (9). 
RESULTS 
In young cultures, all morphologically undifferen- 
tiated  cells bound  considerable  amounts  of Con 
A  and WGA as early as 18 h after explantation of 
the neural tube, the earliest stage tested  (Fig.  la 
and b, Fig. 2 a  and b  and Table I). As differentia- 
tion proceeded, all unpigmented cells bound these 
two iectins to at least the same amount, whereas 
melanocytes, which appeared  at day 4  in culture, 
bound  considerably  less  (Fig.  1 c  and d,  Fig.  2 c 
and d,  and  Table  I).  Differences in fluorescence 
intensities were judged on an arbitrary scale of 0 
to ++++. 
Another lectin, SBA, showed a  striking differ- 
ence  in  binding compared  to  Con  A  and  WGA. 
The time-course of SBA binding closely followed 
the  time-course  of  catecholamine  appearance. 
SBA did not  bind to  any  cells during the  first  3 
days in vitro. On the 4th day, coinciding with or 
slightly preceding the onset of catecholamine flu- 
orescence (2), SBA bound to a  few unpigmented 
cells  located  predominantly  at  the  top  of  cell 
aggregates. The number of cells capable of bind- 
ing SBA gradually increased and reached a  maxi- 
mum between 5 and 6 days in culture (Fig. 3 and 
Table I).  By that  time all adrenergic cells but no 
melanocytes  bound  SBA  (Figs.  3  and  9).  Cell 
processes resembling nerve fibers and cell aggre- 
gates bound  the highest amount  of SBA, ConA, 
and  WGA  (Figs.  8  and  9  and Table  I).  In  addi- 
tion, some unpigmented cells that did not contain 
catecholamines  also  bound  SBA.  Fluorescent 
SBA  was  often  concentrated  on  cellular  exten- 
sions and  on connections between  cells; this was 
usually seen most clearly on the large flat cells at 
the  periphery  of the  cultures  (Fig.  6a)  but  was 
also observed within the culture (i.e., Fig. 4e and 
g). This binding pattern  persisted when SBA was 
adsorbed  at  0~  or  when  cells  were  fixed  with 
paraformaldehyde  before  SBA  adsorption  (Fig. 
6b).  Conversely, ConA and  WGA did not show 
this  distribution  at  either  37 ~ or  0~  (compare 
Figs.  1,  2, and  5).  Some unpigmented  cells were 
Fmu~  1  Binding of fluorescent WGA to neural crest cells during differentiation in vitro. Figures on 
the left show fluorescence of bound WGA and on the right show the same areas under phase optics. (a) A 
3-day culture showing the clustered distribution of WGA-binding sites after lectin adsorption at 37~  (c) 
A  6-day culture showing that unpigmented cells continue to bind WGA, whereas melanocytes (m) bind 
much less under the same conditions as in Fig. 1 a and b. Bar, 10/~m. x  394. 
FmURE 2  Binding of fluorescent Con A to neural crest cells in vitro. Left side shows fluorescence and 
right side shows corresponding phase-contrast images. (a) At 3 days, Con A binding after adsorption of 
the lectin at 37~  results in a more uniform pattern than WGA, occasionally  showing cap formation (C). 
(c) Con A  binds both to unpigmented flattened cells and to aggregated (agg) cells at 6 days. Again, 
melanocytes (m) bind much less of the lectin. The small amounts of WGA (Fig. lc) and Con A (Fig. 2c) 
that bind to melanocytes duster above the nucleus but are not recorded in this photomicrograph. Bar, 10 
/~m. x  394. 
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Binding of Lectins to Neural Crest Cells during Development In Vitro 
Time period 
Ruorescein-labeled lectins* 
Cell type  WGA  Con A  SBA 
Days 1-3 
Day 4 
Days 5 and 6 
Undifferentiated cells  + +-+ + +  + +  0 
Undifferentiated cells +  neuraminidase  + +-+ + +  + +  + + + 
Unpigmented cells:~  + +-+ + +  + +  0 
++-+++  ++  + 
Pigmented cells  +  +  0 
Cell aggregates  + + +  + +  + 
Unpigmented cells:~  + + +  + +  + + +-+ + + + 
+++  ++  0 
Pigmented cells  +  +  0 
Cell aggregates  + + +  + +  + + +-+ + + + 
Adrenergic cells  + + +  + +  + + +-+ + + + 
Nerve-fiber-like cell processes  + + + +  + + + +  + + + + 
Unpigmented cells +  neuraminidase  + + +  + +  + + + + 
Pigmented ceils +  neuraminidase  +  +  0 
* The levels of fluorescent lectins that bind to cells during a 20-min incubation period range from none (0; compare 
Fig. 3a) to a maximum (++++; compare Fig. 3g). 
$ Unpigmented ceils fall into two classes, positive and negative for SBA binding. 
always  present  that  neither  bound  SBA  nor 
showed catecholamine fluorescence. 
Pretreatment of cells with neuraminidase before 
day  4  induced  binding  of SBA even  though  the 
cells normally did not bind SBA then (Fig. 4). At 
later  stages,  neuraminidase  induced  all  cells  to 
bind SBA and enhanced the binding of the lectin 
to  those  cells already  able to  bind  SBA. Neura- 
minidase treatment, however, did not induce mel- 
anocytes  to  bind  noticeable  amounts  of SBA.  It 
did  not  influence  ConA  or  WGA  fluorescence, 
nor did digestion with trypsin mimic the neuramin- 
idase effect. Treatment of the culture with hyalu- 
ronidase  did  not  affect  the  binding  of  ConA, 
WGA  and  SBA,  although  it  slightly  enhanced 
cluster formation  of the binding sites of all three 
lectins.  Neither  lectin  adsorption  nor  enzyme 
treatments were detrimental to neural crest cells. 
Viability typically exceeded 99% after these treat- 
ments. 
When  adsorptions were carried out at 37~  all 
cells which  had  bound  lectins  showed  clustering 
(compare Figs. 1, 2, and 4) and, in rare instances, 
capping (Fig. 2a) of binding sites. Clustering was 
most prominent with WGA and SBA and less so 
with ConA.  Clustering could  be completely pre- 
vented  either  by  prefixation  of  the  cells  with 
paraformaldehyde  or  by  the  adsorption  of  the 
lectin  at  0~  procedures  which  are  known  to 
restrict receptor mobility (20,  22).  Pinocytosis of 
lectin-receptor  complexes  was  suggested  by  the 
observation  that  fluorescent  clusters  which  had 
been  formed  after  an  adsorption  at  37~  could 
not  be  removed  completely  by  haptenic  sugars. 
When  the  adsorption  had  been  carried  out  at 
0~  reducing  pinocytosis,  all fluorescence  could 
be readily removed by hapten inhibitoi's. Haptenic 
sugars,  however,  failed  to  completely  remove 
fluorescent SBA, WGA, and ConA from neurite- 
like cell processes even when  the adsorption  had 
been  done  at  0~  This  uniformly  distributed 
residual  fluorescence might reflect a  high affinity 
of  these  three  lectins  to  the  surface  of  these 
processes  rather  than  selective  lectin  uptake  in 
this area. 
Preincubation  of  lectins  with  their  respective 
haptenic sugar prevented their adsorption by cells 
(Fig.  7),  whereas  incubation  with  sugars  other 
than the correct hapten  inhibitor did not interfere 
with binding of the lectins to the cells. When cells 
were incubated  with fluorescent  goat anti-guinea 
pig 7-globulin instead of lectins, no adsorption  or 
uptake  was  noticed.  These  last  two observations 
lend support to the idea that the described lectin- 
binding  pattern  for  differentiating  neural  crest 
cells was neither a  result of unspecific adsorption 
or uptake,  nor the result  of physical entrapment 
within the multilayer portion of the culture. 
DISCUSSION 
In the present communication we describe stage- 
specific changes of cell surface carbohydrates  dur- 
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37~  The left column shows fluorescence photomicrographs whereas the right side illustrates the same 
areas with phase-contrast optics. (a) Day 3, no SBA binding. (c) Day 4, weak binding is located primarily 
at the top of cell aggregates (agg). (e) Day 5, strong SBA fluorescence on cell aggregates and on some 
flattened unpigmented cells but not  on melanocytes (m).  (g)  Day  6,  strong binding of SBA on cell 
aggregates and some but not all flattened cells.  Bar, 10/xm.  x  394. 634  THE  JOURNAL OF  CELL BIOLOGY" VOLUME 76,  1978 ing  the  in  vitro  differentiation of  quail  neural 
crest cells into melanocytes and adrenergic cells. 
Clustering  and  the  failure  of  hyaluronidase to 
interfere  with  the  binding  pattern  of  ConA, 
WGA, and SBA suggest that lectins bound to the 
cell  surface  rather  than  to  components of  the 
extracellular  matrix.  Only  the  correct  haptenic 
sugars prevented binding  of lectins, demonstrating 
that fluorescence was not due to nonspecifie bind- 
ing or uptake.  In addition, physical entrapment 
of fluorescent lectins was ruled out because inert 
fluorescein-labeled  protein was neither bound nor 
taken up by the neural crest cells. Differences in 
efficacy  of  haptenic  sugars  to  dissociate  lectins 
bound to cells at 37~  compared to 0~  indicated 
that at 37~  some lectin-receptor complexes had 
been internalized, a  phenomenon that  has been 
described also for other cell types and multivalent 
ligands (13). 
Crest  cells that  had  just  migrated  out  of the 
neural tube were  homogeneous with  respect  to 
the binding of ConA, WGA, and SBA. If differ- 
ent crest derivatives were already determined at 
that early stage, then determination did not result 
in  a  modification of  cell  surface  carbohydrates 
detectable with lectins. This, however, does not 
preclude the possibility that crest cells are deter- 
mined before  migration. Events responsible for 
determination may be too subtle to be detected 
by the techniques used here or they may be of a 
different nature. 
Changes  in  the  lectin-binding pattern  during 
differentiation of  neural  crest  cells  were  most 
striking when SBA was used as a probe. SBA is 
known to bind to terminal galactosyl residues or 
N-acetyl-galactosyl residues which are often pen- 
ultimate to sialic acid (7,  19).  Experiments with 
exogenous neuraminidase demonstrated "masked" 
SBA-binding sites  in  young cultures  and,  to  a 
much  lesser  degree,  also  in older  unpigmented 
cells. Some of these cryptic sites might be exposed 
during the differentiation of neural crest cells into 
adrenergic cells, whereas the same sites seem to 
be  deleted  during  differentiation  into  melano- 
cytes. It is therefore conceivable that the onset of 
SBA binding by adrenergic cells on the 4th day in 
culture reflects a gradual loss of cell surface sialic 
acid residues. This loss might be caused either by 
a  reduction of sialyltransferase activity or by an 
enhancement of cell surface neuraminidase activ- 
ity. Initiation of SBA binding could also indicate 
the appearance of novel cell surface glycoproteins 
or glycolipids containing terminal galactosyl resi- 
dues or N-acetyl-galactosyl residues or combina- 
tions  of  such  mechanisms.  Assembly of  unpig- 
mented  cells  into  loose  aggregates  clearly  pre- 
ceded SBA binding. Condensation of these aggre- 
gates into dense clumps coincided with the appear- 
ance of SBA-binding sites. It is conceivable that 
removal of cell surface sialic acid and, thus, nega- 
tive charge might facilitate the formation of close 
cell-cell contacts and denser aggregates. This was 
supported by our observation that high amounts 
of SBA  often  were  bound to  cellular processes 
which established intercellular contacts. 
At least two other cellular systems have been 
described, so far, in which cell surface sialic acid 
is thought to play a role in differentiation. Treat- 
ment of mouse bone marrow cells with neuramin- 
idase affects development of erythroid cells grown 
both in vitro and in vivo. When such neuramini- 
dase-treated  cells  were  injected  into  irradiated 
mice, they produced  50%  fewer colonies in the 
spleen  (21).  In  vitro,  the  number of  erythroid 
FIGURE 4  SBA binding to neuraminidase-treated cells 18 h after explanation of the neural tube. Bar, 10 
/an. x 631. 
FIGtmE 5  Adsorption of lectins to cells at reduced temperature inhibits cluster formation. This is shown 
here with WGA bound to day-5 cells at 0~  Bar, 10/~m. x 394. 
FmtmE 6  SBA often concentrates on cellular extensions and points of close contact between neighboring 
cells after adsorption of the lectin at 37~  (Fig. 6a ) and after adsorption of SBA to prefixed cells (Fig. 
6b). Bar, 10/Lm. x 316. 
FmoIE  7  Control for specificity  of lectin binding, day-5 cultures. (a) WGA preincubated with 0.1 M 
N-acetyl-D-glucosamine  failed to bind to crest cells. (b) Same area as Fig. 7a under phase optics. Bar, 
10/~m.  x  394. 
FmURE 8  Nerve-fiber-like cell processes bind particularly high amounts of all three  lectins without 
clustering at 37~  Here, binding of SBA at day 6 is illustrated. Bar, 10/zm.  x 420. 
MAYA SIEBER-BLUM AND  ALAN M.  COHEN  Lectin  Binding to Neural  Crest Cells  635 FIGURE  9  Photomicrographs (a-c) of the same field illustrating that cell aggregates at 6 days both bind 
SBA  and  contain  catecholamines.  (a)  Conditions  to  show  SBA-binding.  (b)  Conditions  to  show 
catecholamine fluorescence. (c) Same field under phase-contrast optics. (d) A  6-day culture treated with 
fluorescent SBA, fixed and heated without paraformaldehyde, does not induce catecholamine fluorescence 
and demonstrates that fluorescein fluorescence  is destroyed during the heating procedure.  Therefore, 
fluorescent SBA binding does not contribute to fluorescence in the catecholamine test. (e) Phase-contrast 
presentation of Fig. 9d. (a-c) Bar, 100 txm.  x  262. (d-e) Bar, 10 ~tm.  x  394. burst-forming  units  which  are believed to  be  the 
most primitive committed  members of the eryth- 
roid  pathway  increased  after  bone  marrow  was 
treated  with  neuraminidase.  On  the  other  hand, 
more mature erythroid progenitors were no longer 
affected by neuraminidase  (17).  In addition, Sku- 
teisky  and  Farquhar  (18)  reported  changes  in 
sialic acid content of the surface of maturing eryth- 
rocytes in the transition between erythroblast and 
mature  erythrocyte.  They  noticed  a  gradual  de- 
crease in  sialic acid at early stages followed by a 
sharp  increase  at  the  time  of nuclear  expulsion. 
This  pronounced  change  of  negative  surface 
charge could be explained either by a local modi- 
fication  of glycosylated  groups  or by  a  selective 
segregation  of  membrane  sialoproteins  (glyco- 
phorin).  Dreyfus et ai. (6) described a membrane- 
bound  neuraminidase  in  chick  embryo  retina, 
preferentially using gangliosides as a substrate.  Its 
activity increased during embryonal  development 
and  reached  a  maximum  by  the  time  the  retina 
was morphologically differentiated (5). 
Several  possibilities  have  been  considered  for 
the  identity  of  the  nonadrenergic,  unpigmented 
cells observed in older primary cultures.  Some of 
these cells bound  SBA and  others  did  not;  SBA 
binding,  however, could be  induced  in  the latter 
by  neuraminidase  treatment.  These  cells  might 
represent  early  stages  in  the  adrenergic  line  ar- 
rested  before  morphological  differentiation.  Al- 
ternatively, they could also represent other deriv- 
atives  of the  neural  crest.  Work  in  progress  fo- 
cuses on resolving this question as well as allowing 
identification and biochemical characterization  of 
the lectin receptors. 
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